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This study is one of a series in which an attempt is made to
evaluate the percutaneous application of standardized estrogenic
substances and to study its effects upon the skin, both at the site
of application and elsewhere.
The actual attempts at proving that estrogenic substances penetrate the skin
are rare in the literature. Sabrazes (1) and others produced a hyperplasia of
the tegumentary glands and sudoriparous adenomatosis following injections of
foWculin into the white rat. They confirmed the work of others that the foll'icuiin
seems to excite hyperplasia of all the cutaneous glands, sudoriparous, sebaceous
and mammary. Musio-Fournier (2) and his co-authors cite a patient, age 21,
suffering from an irregularity of her menstrual cycle and hypertrichosis who was
given folliculin incorporated into a pomade of ammonium stearate. The hair
came out with its pilous bulb. The authors discuss the modus operandi and offer
the opinion that its efficacy is due to a direct local effect, considering the fact also
that the action may be due to the general absorption by the blood stream. Loes-
ser (3) using what he calls "dihydrofol1icular benzoate" in a cream, reports that
castrated monkey's skin can be penetrated by the hormone with the consequent
production of estrus. The skin retains the hormone for some time and it is best
absorbed by the nasal and vaginal mucous membrane, and by the skin about the
nipple area. He obtained the clinical symptoms of swelling of the breast, labor-
like pains and vaginal discjiarge, in doses over 200 milligrams. There were no
endometrial changes. The skin showed definite atrophic changes. He concludes
that there seems to be a connection between ovarian insufficiency and atrophic
changes of the skin, and believes that this hormone is of value in atrophic skin
diseases, pruritus vulvae and acne. Kaette Jaffee (4) used "estroglandol" oint-
ment in doses amounting to 200,000 international units in skin diseases which are
considered to be closely related to the sexual function, such as juvenile acne,
pruritus vulvae, kraurosis vulvae. Her results, as reported, were excellent in
pruritus vulvae and kraurosis vulvae.
1 From the Pittsburgh Skin and Cancer Foundation, Pittsburgh, Pennsylvania.
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EXPERIMENTAL STUDY
Before studying the local effect on the skin of applications of
ketohydroxyestrin, it became necessary to understand more
thoroughly the degree to which this substance is absorbed cu-
taneously, and the conditions which influence its absorption.
Data on this subject are as yet relatively sparse and uncorrelated.
Zondek (5) has demonstrated that estrone is absorbed through the skin of the
guinea pig's nipple. Jadassohn (6) and his colleagues have confirmed this, and
have extended Zondek's observations to include a number of other endocrine
compounds including male sex hormones and hormones of the adrenal cortex.
The former authors also observed both a local and a systemic effect of their
treatments in enlarging the nipples of guinea pigs.
Burrows and Kennaway (7), while studying the carcinogenic effect of keto-
hydroxyestrin, treated the skin of mice daily with excessively high concentra-
tions of the hormone using a saturated, or 0.1 per cent solution of crystalline
hormone in bensene. They observed hyperplasia of the vagina and uterus, or of
the prostate. These authors carried out no control against the ingestion of
active materials by their animals. This is important, considering the high
concentration of estrogen used, and the increased likelihood of its entering the
blood stream by other routes than the skin.
In order to study the absorption and subsequent utilisation of ketohydroxy-
estrin when applied to epidermal areas not so highly specialized as those used by
Zondek and Jadassohn and his colleagues, we applied this hormone in an ointment
base to the skin of spayed female albino rats. The effects were followed by means
of daily examinations of the stained vaginal spreads.
The microscopic findings were graded, using Frank's (8) classification. Fol-
lowing Frank's plan, a reaction of two-plus was taken as a threshold grade; any
cytologic change in the spreads (nucleated or non-nucleated epithelial cells, and
absence of pus cells) indicating a higher grade was taken as evidence of estrus.
The results of the experiments about to be described have
been expressed in charts 1 to 5. The grades of the vaginal
spreads have been plotted as ordinates against time in days as
abscissae. A separate curve defines each rat's reaction to the
treatment it received, as reflected in its vaginal cytology, and the
curves have been superimposed by groups.
ASSAY
The estrogenic material used was crystalline ketohydroxyestrin2 dissolved in
butyl stearate. The material was assayed on spayed rats, using Kurzrok and
Ratner's (9) modification of Allen and Doisy's (10) technic. Chart 1 shows the
2Xetohydroxyestrin is obtained from the urine of pregnant mares. Butyl
stearate is an ester of a high molecular fatty acid (the combination of mono-basic
butyl alcohol and stearic acid). It offers good solvent action with satisfactory
stability.
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result of this assay. It will be seen that the smallest amount of our active solu-
tion which caused estrus in the majority of animals was the amount administered
to Group II (10 xng. each). Hence, 10 mg. of our solution contained 1 rat unit,
or about 3.3 international units. Correcting for the weight of our rats, which
in Group II was an average of 233 grams, the potency of our solution was:
233X3.3 . .
>< 10 = 0.51 international units per milligram.
INUNCTION EXPERIMENTS
The active solution, incorporated into an ointment with a lanolin cream
vehicle3 designed to be readily absorbed, was rubbed daily into the right flanks of
The vehicle referred to is said to have the following approximate com-
position:
Lanolin
"Protegin 125" (A concentrate from lanolin)
Cocoa butter
Ozokerite
Cetyl Alcohol
Mineral oil
Lecithin
Tincture Benzoin
Total
4-
3.
2
4
3
2
0
/ 2 3
TIME1 IN DAY5
CHART 1. ASSAY OF THE SoLuTIoN OF KETOHYDROXYESTRIN USED
per cent
43.50
25.00
10.00
5.00
5.00
10.00
0.50
1.00
100.00
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castrated female rats, and the absorption of the estrogen followed by examining
vaginal spreads daily. Ointments were prepared containing 1, 5, 10, 20 and 50
international units of the estrogen per cubic centimeter. The hair was closely
clipped from the right flank of each rat, and 0.5 cubic centimeter of the ointment,
measured from a glass syringe, was applied in 3 to 5 portions, and thoroughly
rubbed in between the application of each portion. When as much as possible of
the half cubic centimeter of ointment had been rubbed in, any excess remaining
on the surface was moistened with olive oil, and carefully sponged off. About
five minutes were consumed daily in treating each rat.
'3-
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CHART 2. INFLUENCE ON THE ONSET 02' ESTRUS DEPENDENT ON THE AMOUNT OF
ESTROGEN APPLIED DAILY
(Estrogen embodied in special lanolin-cream vehicle (see text))
As chart 2 shows, the application of 25 international units of
estrogen per day caused estrus in all animals of Group I in from
70 to 94 hours. With a daily dose of 10 units, from 5 to 7 days
elapsed before estrus was established. Of the rats which were
treated with 5 units daily, two developed estrus in 17 days,
while the remaining two had not done so by the twenty-second
day, nor was there any indication in their vaginal spreads of a
progressive change beyond a subthreshold reaction. The groups
(T =
"ESTRUAL
T/1I?E2HOLD)
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receiving daily inunctions of 2.5 and 0.5 international units of
estrogenic material showed proportionate degrees of subthreh-
old response, their vaginal spreads giving 1 and 2 reactions ac-
cording to Frank's classification, but again with no evidence
toward estrus.
For control, one group of rats was treated as above with daily
inunctions of 0.5 cubic centimeter portions of the vehicle alone,
and these gave vaginal spreads characteristic of the unstimulated
castrate rat (Frank's 0 reaction). This was done in order to
rule out any possible influence of our procedure, (such as handling,
rubbing, cleansing, etc.), on the vaginal activity.
The threshold of activity for ketohydroxyestrin, when ad-
ministered under the conditions described, is apparently around
5 international units daily, since in the group receiving this
amount, half of the members developed estrus, while the re-
maining half gave no indication of doing so. Since we evaluated
our assay in terms of the standard 150 gram rat, it is appropriate
to make a similar correction here, and it then appears that the
daily amount of estrogen applied to the members of this group
varied from 2.99 to 3.42 international units. These amounts
closely approach the rat unit (about 3.3 international units),
but we feel that little significance may be attached to this fact,
since the rats which finally developed estrus while receiving this
amount did not do so until a total of 50 to 60 international units
had been applied. Moreover, a significant but indeterminate
amount of the estrogen must have been removed each day in the
final cleansing with olive oil.
EFFECT OF VEHICLE
In the preceding experiment, the active preparation was in-
corporated in vehicle designed to be quickly absorbed by the
skin. To determine the role played by the absorbability of the
vehicle, a group of six castrated female rats was treated as de-
scribed above, with daily 0.5 cubic centimeter portions of an
ointment consisting of petroleum jelly containing 25 international
units of ketohydroxyestrin per cubic centimeter. As chart 3
shows, full estrus was established in five of the six rats on the
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fourth day, and in th sixth rat on the fifth day after beginning
treatment. The promptness with which the rats developed
estrus, and the general similarity of the curves in chart 3 to
those of Group 1, chart 2, indicate that the estrin was absorbed
as readily from petrolatum as from any proprietary "cream"
vehicle. Apparently, there was no variation dependant upon
the nature of the vehicle employed. Indeed, we have induced
and maintained estrus quite as readily by daily applications of
0.5 cubic centimeter quantities of olive oil containing the same
concentration of estrogen, without resorting to rubbing.
STORAGE OF ESTROGEN
It would be important to know, once estrus had been estab-
lished by the method we have described, if it could be maintained
by daily inunction of subthreshold amounts of estrogen. A
group of six castrate rats was treated daily with 25 international
units each of estrogenic ointment. On the sixth day, when each
member of the group had been in estrus for 2 to 3 days, the daily
dosage of estrogen was decreased to 5 international units. Three
days after beginning of treatment with the lower concentration,
all six rats ceased to be in estrus, and their vaginal spreads con-
tinued to revert to the anestrous type (Frank's 0 reaction)
during the following 10 days (see chart 4). It seems important
that: (1) when administered by inunction, ketohydroxyestrin
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CHART 3. ONSET or ESTRUS FOLLOWING APPLICATIONS OF KHTOHYDROXYESTRIN
IN PETROLATUM BASH
Note general similarity of this group of curves to those of chart 2, Group 1
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is not stored in the skin to any significant amount; (2) estrus,
once established, cannot be maintained by less than threshold
amounts of the estrogen daily.
THE QUESTION OF INGESTION
The validity of conclusions drawn from the preceding work,
relative to the absorption of ketohydroxyestrin through the
skin, depends upon whether or not it can be shown that active
material does not enter the body in significant amounts by other
channels. It is difficult to prevent rats from licking and ingesting
foreign substances applied to their body surfaces. By applying
an ointment consisting of a concentrated solution of thionein,
BEGAN INUNCT/QNS. A'CREED TO5ii
25111 PEP RATPERD,4,1 PER RAT PER DAY!
VAC,NAL
Sp/EAo,
CEA5EL INtIAICTIONSI
dispersed into lanolin, to various areas of rats' bodies, and ex-
amining their muzzles at intervals for the blue stain, it was
found that the rats reached and licked off ointment placed in the
following areas: the interscapular region, the right scapula, the
left dorsal costal margin, the right flank, the left flank, and the
abdominal midline. No dressing or bandage we were able to
devise to protect these areas was effective, the rats being able to
slip or tear off any dressings we applied.
We therefore chose the area of the left flank for our applica-
tions (since our observations showed that this area was reached
with greatest difficulty), and endeavored to minimize the amount
I 2 3 4- 5 6 7 8 9 /0 II / /3 H- /5 /6 17
TIME, IN 0AJ
CHART 4. EFFECT OF DECREASING CONCENTRATION OF ESTROGEN APPLIED DAILY
TO SUBTHRESHOLD LEVEL
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of active material left there by rubbing the ointment in as com-
pletely as possible, and by removing the slight inevitable excess
left on the skin, by cleansing with olive oil. Ketohydroxyestrin
is thought to be about one-fifth as active by mouth as when it is
administered parenterally. Consequently, if the estrous phe-
nomena which we encountered were due entirely to ingestion,
rather than to absorption through the skin, the animals must have
ingested about 5 rat units (or 16 international units) of the active
material per day. The largest daily dose of active material we
have used was 25 international units per day, and we are con-
fident that of this amount, only a small fraction could be avail-
able for ingestion by mouth after treatment.
An experiment which strengthens our opinion that no signifi-
cant amounts of estrogenic ointment were being ingested, con-
sisted in keeping a spayed, untreated rat in the same cage with
each of a series of rats which were maintained in estrus by daily
inunctions with 25 internation units of estrogenic ointment.
It has been our observation that rats and mice will lick foreign
material from the coats of their cage-mates as readily as from
themselves. Over a period of 8 days, the untreated cage-mates
4.
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CHART 5. EFFECT ON UNTREATED, SPAYED RATS OF CLoSE ASSOCIATION WITH
THOSE BEING TREATED DAILY WITH INUNCTIONS OF ESTROGENIC OINTMENT
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of treated rats showed only occasional subthreshold reactions,
as may be seen in chart 5, showing: (1) that they had received
some estrogenic stimulus from their association, and, (2) that
the amount received was inadequate to cause estrus.4
SUMMARY
1. Ketohydroxyestrin, applied to the skin of spayed albino
rats in an oily vehicle, is absorbed through the skin in sufficient
amounts to cause estrus.
2. The minimum daily dose under these circumstances is
approximately 3 to 4 international units per 150 gram rat, but
estrus does not occur with this amount until the animals have been
treated for 2 to 3 weeks.
3. The estrogenic effect of the substance administered in this
way does not seem to be more lasting than when the same sub-
stance is given subcutaneously. Moreover, estrus, established
by any concentration of the estrogen applied, cannot be main-
tained by inunctions of less than threshold amounts.
4. The likelihood of the estrus observed being due to ingestion
rather than to cutaneous absorption of the estrogenic substance
has been reduced as far as possible, and is not regarded as a
significant factor of error under the conditions of our experiments.
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